All alleles are equal, but some alleles are more equal than others SIR -Recently, Comings 1 provided a thought-provoking review of the possible role of repetitive sequences in complex disorders. However, a number of points were raised that deserve comment. Firstly, the proposal to use the haplotype relative risk approach 2 is a welcome advance over case-control studies, but it is still sensitive to admixture in the previous two generations, 3 a potential confounder which is not falsifiable. The only truly valid method for clarification of susceptibility loci for complex diseases is the transmission disequilibrium test, 3, 4 which is immune to non-random mating, and should be recommended as the test of choice.
In his summary of the role of the VNTR of the insulin gene (INS) in insulin dependent diabetes (IDDM), Comings 1 omits to discuss some recently revealed complexities. A number of earlier studies had suggested that the class I group of alleles show excess transmission to IDDM probands. It was not until detailed analysis of each class I allele separately in 425 IDDM families 5 that evidence was provided that some class I alleles demonstrate significant excess transmission (eg 669, 824 mu) while others show no significant excess transmission (eg 698, 770, 814 mu). This suggests that alleles that are similar in length confer markedly different susceptibility when transmitted. If these data had been analyzed using the approach suggested by Comings, with alleles grouped together into 'short' and 'long' alleles, then such subtle effects might have been overlooked. More interestingly, when transmission of 814 alleles at INS VNTR were studied in an enlarged sample of 1316 IDDM families, excess transmission of the 814 allele was observed only from mothers, but not from fathers, 6 providing evidence for genomic imprinting at this allele. Still further complexity arises from the description of an effect of untransmitted paternal alleles at this locus, termed paramutation. The biological mechanisms responsible for producing the phenomena of genomic imprinting and paramutation are not clear, but such elaborate features may also be applicable to psychiatric genetics. Importantly, these revelations at INS VNTR in IDDM were achieved only by the analysis of individual alleles, rather than based on grouping of alleles. It is readily acknowledged that large sample sizes are required to demonstrate such effects, larger than most current genetic studies in psychiatric genetics. Nevertheless, the insight provided by thorough analysis of large samples and individual alleles may be the only reliable method for detection of susceptibility loci for complex diseases. Comings replies -I have no disagreement with any of the points made by Paterson. He emphasizes that the individual alleles of microsatellites can be important both by virtue of the potential role of sequence differences and differences in imprinting. I also pointed out that both the sequence and the length of the repeat alleles can play a role in gene regulation and emphasized this point using Figure 3 to show the dramatic effect of minor differences in sequence and length on the amount of Z-DNA formed by various short repeat sequences. The important point is that the different alleles of the repeat alleles can themselves play a role in gene regulation, in many cases the variation in length is the critical variable, and it is not necessary to think in terms of these alleles being in linkage disequilibrium with some 'other mutation'; they are the 'other mutation.' I was pleased to see a potential verification of this principle in the very next paper in the January 1998 issue. This was a study by Chandy et al 1 showing a role for the CAG repeat of the hSKCa3 gene in schizophrenia. In their Figure 2 , all of the longer alleles (20, 21 and Ͼ21 repeats) were more common in patients, while all of the shorter alleles (Ͻ12-19 repeats) were more common in the controls in both the European and European + N American cohorts. Since this repeat was in an exon, the additional glutamines could have been the primary cause of the phenotypic effect. However, as pointed out in the manuscript, the different-sized repeat alleles both in and outside of exons may exert a direct effect on gene function by producing varying lengths of Z-DNA.
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